Introduction {#s1}
============

Recent work within the Rising Star cave system has given rise to two findings that influence our knowledge of *Homo naledi*, its behavior and its position in human evolution. The hominin deposit in the Dinaledi Chamber, which comprises the first described sample of *H. naledi* ([@bib10]), represents individuals that probably lived between 236 ka and 335 ka ([@bib36]). A second chamber with a rich fossil deposit, known as the Lesedi Chamber, contains multiple individuals of *H. naledi* including a partial skeleton ([@bib55]). The Lesedi remains are morphologically very similar to those in the Dinaledi Chamber, consistent with the hypothesis that together these two chambers represent a single hominin population ([@bib55]). They occur in a depositional context similar to, but geologically separate from, the Dinaledi Chamber ([@bib55]).

Considered together, these discoveries change our interpretation of many aspects of the Pleistocene fossil and archaeological record. In this paper, we develop a hypothesis that places Pleistocene hominins into the broader context of the biogeography of Africa. In this vast region, finding a fossil hominin species like *H. naledi* that differs substantially from known fossil samples is not surprising in light of the biogeography of other mammals, the genetic record of humans, and the previously weak fossil record. Genetics and the fossil record together suggest that the ancestors of modern humans evolved in Africa amid a diversity of hominin populations and species, which shared many aspects of the human adaptive pattern.

The Pleistocene fossil record and *H*. *naledi* {#s1-1}
-----------------------------------------------

Geological evidence from the Dinaledi Chamber, including direct dating of the fossil hominin remains, places *H. naledi* in the later Middle Pleistocene. All considerations of the phylogenetic placement of *H. naledi* to date agree that its branch on the hominin phylogeny must have originated earlier than 900 ka ([@bib32]), and earlier branch points are credible ([@bib10]; [@bib32]; [@bib125]). If *H. naledi* stems from a basal node within *Homo*, a scenario that is not rejected by phylogenetic analyses ([@bib32]; [@bib54]), its branch may have originated much earlier, in the Pliocene. How did this *H. naledi* lineage fit into the hominin diversity of the Early and Middle Pleistocene, and is it possible that palaeoanthropologists may already have discovered---but not recognized---other fossils that represent this branch?

The hominin fossil record of the African Middle Pleistocene is extremely sparse ([@bib72]; [@bib11]; [@bib51]; [@bib121]; [@bib87]; [@bib70]; [@bib97]; [@bib119]; [@bib138]; [@bib116]). Fossils that putatively derive from this period between 780,000 and 130,000 years ago are limited and typically fragmentary ([Table 1](#tbl1){ref-type="table"}; [Figure 1](#fig1){ref-type="fig"}). Only a small number are thought to come from the period before 200,000 years ago. To this number, it is possible to add perhaps a half dozen partial mandibles and a somewhat greater number of postcranial fragments or dental remains. Many of these were found prior to 1960 and lack adequate provenience. Some have been 'dated' mainly by their morphological appearance, or by examination of vertebrate faunal remains that were not excavated together in association with the hominin specimen. Others have been subject to direct dating, but this has often been reported in ways that do not reflect the full statistical uncertainty ([@bib97]). Among these finds, crania have been considered the most diagnostically important as indicators of the presence of archaic humans with large brain sizes in the Middle and Late Middle Pleistocene.10.7554/eLife.24234.003Figure 1.African fossil sites from the Middle and earliest Late Pleistocene.Sites discussed in the text are highlighted in pink here. Geological age estimations for each fossil hominin assemblage are given in [Table 1](#tbl1){ref-type="table"}, along with references.**DOI:** [http://dx.doi.org/10.7554/eLife.24234.003](10.7554/eLife.24234.003)10.7554/eLife.24234.004Table 1.Significant hominin fossil remains from the Middle and Early Late Pleistocene of Africa. Included are those sites that have geological age estimates between 780,000 and 120,000 years ago, and some sites for which claims of Middle Pleistocene age have been made but without chronometric support. Sites denoted here with 'no date' are those for which no chronometric determinations based on samples of hominin material or securely associated faunal remains have been reported in the literature. Some chronometric determinations that were based only on morphology or associated fauna have given rise to broad age estimations; we omit the details of such determinations here. Some additional sites with fragmentary remains, especially isolated dental remains, are not listed. The first four entries (KNM-OL 45500, OH 12, Daka and Buia) are older than the beginning of the Middle Pleistocene but are included because they are discussed in text.**DOI:** [http://dx.doi.org/10.7554/eLife.24234.004](10.7554/eLife.24234.004)SiteSpecimensLocationGeological age (ka)Source(s)Olorgesailie\
(KNM-OL 45500)FrontalKenya900--970[@bib107])Olduvai Gorge\
(OH 12)**^\*^**Partial calvariaTanzania780--1,200[@bib124]; [@bib88]DakaCalvaria, femurEthiopia\~1,000[@bib4]BuiaCalvaria, postcranial fragmentsEritrea\~1,000[@bib1]Tighénif (Ternifine)Three mandibles, skull fragmentMorocco\~700[@bib44]Elandsfontein (Saldanha)Partial calvaria and mandible fragSouth Africa600--1,000[@bib70]BodoPartial calvaria, left parietal (found roughly 400 m from Bodo 1), distal humerusEthiopia550--640[@bib24]; [@bib23]Baringo (Kaphturin Formation)Mandible, ulnaKenya510--512[@bib80]; [@bib30]SaléPartial calvaria and upper dentitionMorocco\~300[@bib63]); [@bib45])Ndutu**^\*^**Partial calvariaTanzania370--990[@bib124]; [@bib88]Berg AukasPartial femurNamibiaNo date[@bib50]KabweCalvaria, material from at least three individualsZambiaNo date[@bib72]FlorisbadPartial craniumSouth Africa224--294[@bib51]Cave of HearthsPartial mandibleSouth AfricaNo date[@bib25])HoedjiespuntTeeth, tibiaSouth AfricaNo date[@bib11]; [@bib121]Eliye SpringsCalvariaKenyaNo date[@bib15]Dinaledi Chamber (Rising Star)Remains of at least 15 individualsSouth Africa236--335[@bib10]; [@bib36]Lesedi Chamber (Rising Star)Partial skeleton, remains of at least three individualsSouth AfricaNo date[@bib55])Omo KibishTwo partial crania, partial skeletonEthiopia155--200[@bib91]; [@bib5]HertoThree partial craniaEthiopia154--160[@bib133]; [@bib22]Ileret (KNM-ER 3884)Partial calvariaKenya162--∞[@bib16]Jebel IrhoudThree calvaria, mandible, fragments of seven individualsMorocco144--176[@bib62]); [@bib117])Laetoli\
(Ngaloba Beds)CraniumTanzania130[@bib28]); [@bib57])SingaCalvariaSudan131--135[@bib90]Lake EyasiCalvariaTanzania88--132[@bib93], [@bib94]); [@bib37][^1]

Only three of the fossil crania occur within 3,000 km of the location of the Rising Star cave system. The cranium and mandible fragment from Elandsfontein, or Saldanha, South Africa derives from an open-air deposit with multiple depositions of faunal remains, which, by comparison with East African vertebrate assemblages, come from about 600,000 to 1 million years ago ([@bib70]). However, the skull and mandible fragment are essentially surface finds. The Florisbad partial cranium from near Bloemfontein, South Africa, comes from mineral springs which accumulated fossils from around 40 ka to 400 ka; a direct electron spin resonance (ESR) assessment on a human M^3^ yielded an age estimate of 259 ± 35 ka ([@bib51]). This single tooth is assumed to be associated with the fossil hominin cranium. It is roughly 1 mm smaller in diameter than a sample of four *H. naledi* upper third molars, and lies within the size range of both *H. erectus* and African modern human populations ([@bib116]). Although third molars vary substantially in humans and fossil *Homo*, this tooth does not resemble the morphology of known *H. naledi* maxillary third molars. The Kabwe, or Broken Hill, cranium from Zambia has no direct geological age assessment and its context is very poorly known. The vertebrate fauna in the cave sediments where the skull presumably originated is Middle Pleistocene in age ([@bib72]; [@bib97]), although the context of the skull in relation to these faunal remains is not clear. Observing that the morphology of the skull is primitive compared to those of crania from early Late Pleistocene contexts, some workers have argued that the Kabwe skull may be 300 ka or earlier ([@bib17]), though more recent work suggests it may be of later middle Pleistocene age ([@bib119]). The Lake Ndutu cranium is the only other subequatorial cranial specimen thought to be between 780,000 and 200,000 years old, but it also lacks secure provenience or a direct geological age estimate. Teeth from Hoedjiespunt ([@bib11]; [@bib121]) and the mandible from Cave of Hearths, South Africa, also provide evidence of hominins, probably of Middle Pleistocene age, but without further comparisons we cannot rule out the possibility that these fossils may themselves represent *H. naledi*. All of the cranial fossils discussed above share substantially larger brain size than *H. naledi* but are morphologically diverse in comparison to each other. The uncertain provenience and inexact geological ages of these fossils limit our ability to test when and where the populations that they represent may have existed, and it is conceivable that some of the remains are not Middle Pleistocene at all.

In addition to the crania, a few postcranial specimens document individuals with a larger body size than has yet been observed for *H. naledi*. The Kabwe hominin collection includes several postcranial elements, which are not associated with certainty with the cranium, but that clearly represent individuals with a large body size. Also within the 3,000 km radius are a large femur from Berg Aukas, Namibia ([@bib50]), presumed to be of Middle Pleistocene age, and a large tibia from Hoedjiespunt, South Africa ([@bib11]; [@bib121]; [@bib21]) that is Middle Pleistocene in age.

Earlier than these Middle Pleistocene fossil specimens, the sites of Olorgesailie and Olduvai Gorge both preserve evidence of hominin crania (KNM-OL 45500, OH 12), which although fragmentary, clearly belonged to individuals that had relatively small brain sizes comparable to some of the earliest *H. erectus* remains ([@bib107]; [@bib3]). These have been called '*H. erectus*-like', but they are different from contemporary fossil specimens attributed to *H. erectus* from further to the north, such as BOU-VP-2/66 calvaria from Daka, Ethiopia ([@bib4]; [@bib47]), and the UA 31 cranium from Buia, Eritrea ([@bib1]), both approximately 1 million years old. KNM-OL 45500 and OH 12 also differ from the large and robust OH 9 cranium, which is likewise from Olduvai Gorge but earlier in time. The fossil sites from Lake Baringo southward to Olduvai Gorge lie at the hinge point separating subequatorial from northeast African populations of many living species of mammals. It is possible that fossils such as KNM-OL 45500, OH 12 and OH 28 represent northern excursions of a more diverse subequatorial hominin community that included *H. naledi* and its relatives.

Biogeography of subequatorial Africa {#s1-2}
------------------------------------

The great tropical forests of Africa pose a biogeographic barrier to species that are adapted to savanna and savanna-woodland-mosaic habitats. During the Pleistocene, these tropical forests repeatedly expanded eastward along the equator. During these times, Equatorial East Africa broke into a mosaic of small savanna remnants, while a large and contiguous area of savanna and savanna-woodland mosaic stretched southward from the equatorial forest ([@bib84]; [@bib40]). During most of the Pleistocene, the area suitable for hominins located to the south of the equatorial forests was vastly larger than that to the north or east. During the last 1.3 million years of this period, the Lake Malawi basin became increasingly moist with greater climate stability ([@bib64]). The paleoclimate record for the Kalahari is not as deep, but during the last 200,000 years, this area underwent both arid periods with dune formation and wetter periods with vast paleolakes ([@bib111]), a pattern that likely held during earlier climate cycles. Hence the subequatorial area that was potentially suitable for hominins varied extensively, but may have been 5--15 times larger than the equivalent habitats in eastern Africa north of the equator.

This biogeographic history is reflected in the phylogeography of savanna-adapted species today. Across several orders of savanna-adapted mammals, including ungulates, primates, and carnivores, a north--south dichotomy can be observed in genetic patterning ([@bib12]), and this is thought to be the result of past climate patterns. A comparison of 19 ungulate species shows that many have a 'suture zone' in the East African equatorial region, where relatively distinct mtDNA clades from eastern and southern parts of the species' range meet ([@bib84]). In several species of ungulates, primates, and carnivores, today's East African populations were colonized from the large and more contiguous region to the south; in some other species, East African diversity has been maintained through vicariance of populations in mosaic refugia within East Africa. A southern African origin is also inferred for baboons (*Papio*). Likemany savanna ungulates this genus manifests an mtDNA suture zone in equatorial East Africa, which has recently been expanded by introgressive hybridization of a more southern mtDNA clade into *P. cynocephalus* ([@bib145]).

Similar to many other mammals in Africa, living humans carry a genetic legacy of greater subequatorial African diversity. Today, the human populations that have the highest observed genetic diversity are the hunter-gatherers of southwestern Africa, followed by the Mbuti rainforest hunter-gatherers of north eastern Congo ([@bib85]). Hadza and Sandawe people from Tanzania also draw ancestry from a diverse source population similar to today's southwestern African hunter-gatherers ([@bib105]). Today's populations are descendants of human populations that have been relatively large and stable across most of the past 200,000 years. These populations did not undergo the population bottleneck evidenced in non-African populations and to a lesser degree in West African and northeastern African peoples ([@bib85]). Additionally, the genomes of Hadza, Sandawe, Biaka, Baka, and San people bear evidence of a small fraction of introgression from highly genetically divergent populations that no longer exist ([@bib52]; [@bib77]; [@bib8]; [@bib61]). The implication of these observations is that tropical and subequatorial Africa were home to multiple genetically divergent populations of hominins. Some of these populations diverged in the Early Pleistocene, and had genomes that were equally or more diverse than those of Neanderthals, Denisovans, or contemporary modern humans. Some of these populations survived and hybridized after the initial diversification of modern humans, perhaps as recently as 35,000 years ago ([@bib52]) or even into the early Holocene ([@bib61]). As other have noted ([@bib120]), the fossil hominin record of the Middle and Late Pleistocene shows no simple linear progression towards modern humans, and different morphological forms overlapped in time. A small-brained hominin has been recognized from this time period in Asia on the island of Flores ([@bib18]), and we now include a small-brained species of hominin from Africa in this recognized diversity.

Modern humans are a relict species {#s1-3}
----------------------------------

Modern *H. sapiens* is a phylogenetic relict. In biology, a relict is a species that remains from a clade that was more diverse in the past ([@bib49]). We have known for a long time that other hominin populations once inhabited Eurasia and island Southeast Asia, including the Neanderthals, Denisovans, and *H. floresiensis* ([@bib13]; [@bib18]; [@bib26]; [@bib81]). Genetic evidence shows that equally diverse populations of archaic humans once existed in subequatorial Africa ([@bib52]; [@bib119]; [@bib77]), and although no fossil evidence can yet be associated with such evidence of genetic introgression, the Middle Pleistocene record of this region does speak to the presence of morphological diversity. Within this context, *H. naledi* provides fossil evidence of one subequatorial lineage, and we do not yet know whether it contributed to the modern human gene pool.

Another implication of modern humans as a relict is that the features of today's humans give a biased and incomplete picture of the diversity of the *Homo* clade (cf. [@bib48]). These biases have had enormous consequences for the historical development of paleoanthropology. One of the most persistent biases has been to conceive of postcranial and dental adaptations of *Homo* as mere adjuncts to the extraordinary increase in brain size evidenced in living humans. Poor fossil evidence once appeared to support the notion that human-like aspects of locomotor, manipulatory, and dietary strategy evolved in tandem with larger brains, and that *H. erectus* combined these for the first time ([@bib139]; [@bib56]). But newer evidence shows that some fossils attributed to *H. erectus* had a mosaic of human-like and primitive postcranial features ([@bib82]), that some fossil samples of *H. erectus* had brain sizes equivalent to those of *H. habilis* and *H. rudolfensis* ([@bib83]), and that *H. habilis* may be closer to *Au. sediba* than to other species of *Homo* ([@bib31], [@bib32]). *H. naledi* shows that many human-like anatomical aspects of the hand, foot, lower limb, dentition and cranium, including some aspects that are not present in *H. erectus*, occurred in a species with a brain size equal to that of australopiths ([@bib10]).

The full geographic extent of *H. naledi* is unknown, though aspects of its anatomy might be used to argue that this species is unlikely to be endemic only to the region where its fossils are presently found. With its human-like pattern of lower limb and foot anatomy ([@bib53]; [@bib86]), human-like stature ([@bib10]), and dental morphology consistent with reliance on a high-quality diet ([@bib10]), *H. naledi* appears to have used its environment in a similar way to *H. erectus* and *H. sapiens*. Indeed, even earlier small-bodied *Australopithecus* and *Paranthropus* have been inferred to be eurytopic, capable of using a wide range of habitats, and all well-sampled species are geographically widespread ([@bib141]; [@bib7]). Aside from these considerations, the hominin fossil sample is insufficient to support further conclusions about the geographic range of *H. naledi*.

What explains the mosaic anatomy of *H. naledi*? {#s1-4}
------------------------------------------------

The late survival of *H. naledi* from origins deep in the Pleistocene up to the Dinaledi and Lesedi Chamber deposits is surprisingly unhelpful in testing hypotheses about its evolutionary origin or its morphological pattern. How the traits of *H. naledi* evolved does not depend on the geological age of the Dinaledi Chamber fossils, but on the phylogenetic position of *H. naledi* and the morphological patterns of other hominin taxa.

Phylogenetic scenarios for *H. naledi* place its origin either: (1) somewhere among the poorly resolved branches leading to *H. habilis*, *H. rudolfensis*, *H. floresiensis* and *Au. sediba* ([@bib10]; [@bib32]); [@bib125]): (2) as a sister to *H. erectus* and larger-brained *Homo* including *H. sapiens* ([@bib32]); or (3) as a sister to a clade including *H. sapiens*, *H. antecessor*, and other archaic humans ([@bib32]) ([Figure 2](#fig2){ref-type="fig"}). Maximum parsimony analysis of a large dataset of cranial and dental traits supports scenario 1, placing *H. naledi* among the most basal nodes of the *Homo* phylogeny ([@bib32]). Bayesian analysis of the same dataset supports scenario 3, placing *H. naledi* closer to modern humans than any *H. erectus* sample ([@bib32]). An informal consideration of postcranial traits suggests that [@bib32] analysis, if it included postcrania, might more likely support scenario 2. This is because *H. naledi* shares many derived features of the hand, foot, and lower limb with *H. erectus* and *H. sapiens* that are apparently absent from *H. habilis*, *H. floresiensis*, or *Au. sediba*, yet lacks several derived traits of the shoulder, trunk, and hip shared by *H. erectus* and *H. sapiens* ([@bib55]; [@bib135]; [@bib86]; [@bib41]). However, the fossil record for these areas of anatomy in early hominins other than *H. naledi* is admittedly limited.10.7554/eLife.24234.005Figure 2.Phylogenetic scenarios for *H. naledi*.A simplified cladogram of *Homo*, with the possible placements of *H. naledi* indicated. The cladogram places *A. africanus* as an outgroup to the *Homo* + *Au. sediba* clade, as consistent with nearly all phylogenetic analyses of these species ([@bib9]; [@bib31], [@bib32]). To simplify the tree, we have omitted *H. antecessor, H. heidelbergensis* and Neanderthals, which all phylogenetic analyses place as sisters to *H. sapiens* relative to *H. erectus*. There is no present consensus about the branching order among *H. habilis*, *H. rudolfensis*, *H. floresiensis* and *Au. sediba* ([@bib31], [@bib32]), and so these are depicted as a polytomy.**DOI:** [http://dx.doi.org/10.7554/eLife.24234.005](10.7554/eLife.24234.005)

No interpretation of this anatomy can eliminate the necessity of some reversals or parallelism. If *H. naledi* is a sister to *H. sapiens* (scenario 3), then all of the primitive traits it does not share with *H. erectus*, including its small brain size ([@bib10]), shoulder morphology ([@bib41]), ilium form (VanSickle et al., personal communication), long, anteroposteriorly flattened femur neck ([@bib86]), thorax shape ([@bib135]), and markedly curved finger bones ([@bib69]), might be interpreted as evolutionary reversals. If *H. naledi* is a sister taxon to a clade including *H. habilis, H. rudolfensis* and all other large-brained species of *Homo*, then the larger brain size of these other species of *Homo* could be homologous. But this scenario would require many parallel evolutionary developments in *H. naledi* and *H. sapiens*, including hand and wrist morphology ([@bib69]), foot morphology ([@bib53]), lower limb morphology ([@bib86]), and some cranial and dental morphologies ([@bib79]; [@bib115]). Some of these derived traits are also shared with *H. erectus*, others are not evidenced in any known *H. erectus* fossils. Whatever phylogenetic scenario we accept, *H. naledi* is not unique in demonstrating homoplasy ([@bib140]), but it does present a uniquely strong postcranial record documenting its mosaic anatomy.

The long evolutionary branch leading to *H. naledi* as represented in the Rising Star cave system may have implications for its mosaicism, at least with respect to cranial and mandibular form. Much of the evolution of cranial form among species of *Homo* in the Pleistocene appears to be consistent with neutral evolution by genetic drift, with a few features showing evidence of adaptive evolution ([@bib2]; [@bib132]; [@bib114]). If the correlations among some aspects of *H. naledi* cranial anatomy were not constrained by selection, then a long evolutionary branch would create substantial opportunity for divergence over time by drift. Such non-adaptive evolution, combined with the adaptive evolution of some traits, might create a unique pattern in this species ([@bib79]), although it seems likely that postcranial features would be subject to greater adaptive constraints.

An alternative hypothesis for the homoplastic appearance of *H. naledi* is hybridization among two or more hominin lineages. As ancient DNA evidence has grown, it has become clear that hybridization among genetically distant human lineages occurred many times ([@bib74]; [@bib96]; [@bib108]), as is the case in chimpanzees and bonobos ([@bib29]) and in many other mammalian lineages ([@bib113]). The mosaic anatomy of *H. naledi*, which includes many shared derived characters of modern humans and *H. erectus*, might suggest the hypothesis that *H. naledi* resulted from the hybridization of a more human-like population and a late-surviving australopith. This hypothesis remains untestable with the current evidence, although it seems more parsimonious to suggest that *H. naledi* itself survived from an early period of diversification of *Homo*. Morphology does not rule out the possibility that *H. naledi* originated in the Early Pleistocene as a result of the hybridization of different populations, and persisted long after this hybrid speciation. The evidence of genetic mixture among more recent hominins makes this hypothesis seem reasonable, but again it is untestable unless genetic material is obtained from the fossils. Attempts to obtain aDNA from *H. naledi* remains have thus far proven unsuccessful.

In addition, we have reported several apparent autapomorphies that are present across the skeleton of *H. naledi*. These include the morphology of the thumb, aspects of the morphology of the spine, and aspects of the morphology of the proximal femur ([@bib10]; [@bib69]; [@bib86]). Unfortunately, the Pliocene hominin record is poor, and without clearly understanding the ancestral lineage of *H. naledi*, and whether we have in fact already discovered its ancestors, we cannot know whether such features may have been present in the last common ancestor (LCA) of *H. naledi* and other hominin species, and are thus actually primitive in *H*. *naledi*'s lineage rather than uniquely derived. Therefore, the importance of these apparent autapomorphies in establishing the origins of *H. naledi* remain unresolved.

Implications for the fossil record {#s1-5}
----------------------------------

Until now, palaeoanthropologists and archaeologists have generally assumed that morphologically primitive hominins such as *H. naledi* did not survive into the later parts of the Pleistocene in Africa. This assumption has guided the interpretation of fossil discoveries with poor geological or stratigraphic context, including the many surface finds that make up the majority of the record from ancient lacustrine and riverine deposits (e.g. [@bib123]; [@bib143]; [@bib65]; [@bib126]; [@bib131]; [@bib137]; [@bib22]; [@bib43]; [@bib92]; [@bib19]; [@bib20]). These and other studies have shown that in many African sedimentary contexts, Pliocene or Early Pleistocene sediments are overlain by deposits of Middle or Late Pleistocene age or even by Holocene-aged deposits. It is common knowledge that fragmentary fossils of Plio-Pleistocene age occur ex situ on the surface with Middle Stone Age (MSA), Later Stone Age (LSA), or historic artifacts; in the absence of in situ association, anthropologists often rely upon a fossil's morphology as an indicator of its age.

The discovery of *H. naledi* provided a natural experiment to test whether anthropologists can reliably establish the approximate age of hominin fossil fragments from their morphology. Before the publication of a geological age for *H. naledi*, many anthropologists examined its entire morphological pattern and concluded that the species must date to more than 1.5 million years ago. This includes one formal morphological study ([@bib125]) and many other published comments by experts. A second study concluded that the Dinaledi hominin sample could be 930,000 years old, though the confidence interval on this estimate ranged from the present to c. 2.5 Ma ([@bib32]).

These examples show that expert intuition about the ages of fossil samples is likely to be wrong when based on their morphology alone. We must therefore demand fuller information about the geological context both of surface finds and of finds that are reported as in situ. If fragments of *H. naledi* had been found in isolation---instead of in the cohesive assemblage of the Dinaledi Chamber---many parts of its anatomy individually may have been confused for hominin material of Pliocene age. As we have noted, parts of the *H. naledi* cranial vault, dentition, shoulder, manual phalanges, pelvis and proximal femur would be easily misattributed to *Australopithecus*. Other parts of the hand, dentition, foot, and lower limb exhibit morphology similar to that of modern humans or *H. erectus*. As we know neither the origination point nor the extinction time of *H. naledi*, it is conceivable that fragments from this species have already been misattributed to other hominin taxa.

Implications for the archaeological record {#s1-6}
------------------------------------------

*H. naledi* has traits that were long considered to be adaptations for creating material culture. Its wrist, hand and fingertip morphology share several derived features with Neanderthals and modern humans that are absent in *H. habilis*, *H. floresiensis*, and *Au. sediba* ([@bib69]). If these features evolved to support habitual tool manufacture in Neanderthals and modern humans, then it is reasonable to conclude that *H. naledi* was also fully competent in using tools. The use of tools and the consumption of higher-quality foodstuffs including meat and processed plant resources have been hypothesized as evolutionary pressures leading to dental reduction in hominins ([@bib144]). The small dentition of *H. naledi* manifests this adaptive strategy to a greater extent than *H. habilis*, *H. rudolfensis* and most *H. erectus* samples ([@bib10]; [@bib55]), though without the predicted encephalization.

What tools did *H. naledi* make? Its lineage may have existed across much or all of the time during which African hominin populations were manufacturing Acheulean and possibly even Oldowan assemblages (e.g. [@bib88]). The *H. naledi* lineage also existed during at least the first half of the MSA, which as an archaeological category seems to have commenced more than 400 ka in several instances in subequatorial and northeastern Africa ([@bib39]; [@bib134]; [@bib89]; [@bib88]).

Many previous workers have grappled with the question of which hominin species were the makers of Early Stone Age industries (e.g. [@bib42]; [@bib122]; [@bib38]). A key part of these considerations has been the role of brain size and behavioural ecology in sustaining traditions, which have supported the role of larger-brained *H. habilis* and *H. erectus* as toolmakers and have downplayed the possibility that small-brained *Paranthropus* may likewise have innovated (e.g. [@bib60]; [@bib38]). With some exceptions (e.g. [@bib119]), there has been a widespread assumption that MSA traditions were made by modern humans or their ancestors, whether denoted as 'archaic *H. sapiens*' or as a precursor such as '*H. helmei*' ([@bib88]; [@bib78]; [@bib118]; [@bib58]; [@bib59]; [@bib39]). MSA variants are characterized by the manufacture of blades, by the presence of the Levallois flaking technique and of hafted implements, at some locations by the use of pigments, and by a lack of emphasis on large cutting tools such as the handaxes and cleavers of the Acheulean industry (e.g. [@bib88]; [@bib58]; [@bib87]; [@bib59]). Some of these technical innovations have even been considered as markers of modern human behaviour.

However, it is now clear that the populations of subequatorial Africa had deep prehistoric divisions ([@bib120]; [@bib77]; [@bib61]) and that multiple genetically and morphologically divergent hominin populations probably created Acheulean and MSA archaeological traditions. This situation is paralleled outside of Africa, where most of the manufacturing techniques that characterize the MSA were also mastered by Neanderthals and possibly by Denisovans ([@bib112]; [@bib27] ). These archaic populations diverged from African populations well before the appearance of such techniques either in Africa or in Eurasia ([@bib95]), so these techniques must either have been invented independently multiple times or have been transferred by long-distance exchange of ideas across long-separated hominin populations.

*H. naledi* existed contemporaneously with MSA archaeological industries across subequatorial and northeastern Africa ([@bib88]; [@bib58], [@bib59]; [@bib87]; [@bib59]; [@bib89]; [@bib134]; [@bib39]; [@bib142]). Excavations in the Rising Star cave system have not yet uncovered artifacts in direct association with *H. naledi*. But considering the weak nature of the fossil hominin record, *H. naledi* may be the only hominin definitely known to be present during at least the early part of the MSA in the highvelt region of southern Africa ([@bib39]). Considering the context, it is possible that *H. naledi* sustained MSA traditions. Without extraordinary evidence, we cannot uncritically accept that such a broadly defined archaeological tradition was the exclusive product of a single population across Africa.

Possible evidence for mortuary behaviour {#s1-7}
----------------------------------------

Did *H. naledi* deliberately deposit bodies within the Rising Star cave system? With respect to the deposition of the fossil material, it is appropriate to adopt a null hypothesis that the remains entered the Dinaledi and Lesedi Chambers without intentional hominin mediation, and to see whether the evidence can reject that hypothesis. We have previously examined depositional scenarios on the basis of evidence from the Dinaledi Chamber ([@bib34], [@bib33]; [@bib109]). The discovery of hominin material in the Lesedi Chamber adds a second instance of deposition of hominin skeletal material within the cave system.

Some other cave systems in the Cradle of Humankind area likewise present evidence of multiple episodes of the deposition of hominin remains. Swartkrans has a complex series of infills that contain hominin and a broad array of macrofaunal remains, many of which bear evidence of carnivore or scavenger activity representing multiple accumulating agents ([@bib101]). Further, evidence of cutmarks, percussion marks, and burned bone show that hominins were an accumulating agent of some Swartkrans faunal remains ([@bib104]). Sterkfontein is another cave system that has a complex series of infills, in which much bone material bears traces of carnivore and scavenger activity. Within Sterkfontein, the Silberberg Grotto is a deep chamber that contains one hominin skeleton (StW 573) together with faunal remains that appear to have fallen from above; it is a death trap ([@bib101]). Also within the Sterkfontein system, the Jacovec Cavern breccia presents some evidence for water transport of material from the surface and water sorting of bone ([@bib66]). These examples provide several hypotheses for the deposition of hominin skeletal remains that do not involve intentional behaviour by the hominins themselves, and we have previously examined whether the Dinaledi Chamber evidence is compatible with any of them ([@bib34], [@bib33]).

While geological and sedimentological studies of the Lesedi Chamber are still ongoing, we can consider how its taphonomic situation resembles the Dinaledi Chamber material. In the Dinaledi Chamber, the skeletal material showed invertebrate surface modification but a complete lack of markings from carnivores, scavengers, or hominins ([@bib34], [@bib33]). The Lesedi Chamber hominin material likewise presents no evidence of cutmarks, tooth marks, scoring, puncture marks, gnawing or bone cylinders, and only shows surface markings consistent with abrasion or pitting, many after the deposition of manganese and iron oxide coatings on the bones ([@bib55]). These observations seem to exclude carnivores and scavengers as the primary accumulating agents for the assemblages.

The Dinaledi Chamber is enormously challenging to reach today, and both sedimentological and geological evidence supports the hypothesis that the chamber itself and the entry chute from the neighboring Dragon's Back Chamber had substantially the same configuration at the time at which the *H. naledi* skeletal remains entered ([@bib34], [@bib33]). Some have questioned whether one or more alternative entrances to the Dinaledi Chamber may once have existed, which might have made the physical situation much easier for *H. naledi* to enter the chamber from the outside ([@bib129]; [@bib125]). But any such entrance would have needed to replicate most of the constraints of the present entrance, or else it would not produce the sedimentological distinctiveness of the Dinaledi Chamber or the lack of non-hominin macrofauna ([@bib33]; [@bib109]). The situation in the Lesedi Chamber makes these constraints of the Dinaledi Chamber even more apparent. The Lesedi Chamber is similarly situated deep inside the cave system, far inside the dark zone, with no nearby surface entrance ([@bib55]). However, no strong physical constraint prevents macrofauna, at least those smaller than humans, from entering. Faunal material in the chamber demonstrates that at least the remains of small carnivores and smaller fauna did enter the Lesedi Chamber, even though it is deep in the cave, well within the dark zone. Although we do not know the timing or manner in which these faunal elements entered the Lesedi Chamber, their presence reinforces the importance of physical constraints in impeding entry into the Dinaledi Chamber, where no such faunal remains have been found ([@bib34]). Further sedimentological and geological assessment of the Lesedi Chamber, and direct dating of the faunal and hominin remains, may clarify the relation of faunal and hominin remains.

[@bib129] proposed that the hominin skeletal material from the Dinaledi Chamber may have been transported from another location within the cave system, which we have not located, but which might itself have been consistent with carnivore accumulation or a death trap from the surface. In Sterkfontein, there may have been redeposition of sediments from higher chambers into the Silberberg Grotto ([@bib73]), providing a possible example a process driven by gravity from above, although the StW 573 skeleton itself appears to be in near-primary context. No openings in the ceilings above the Dinaledi or Lesedi Chambers appear consistent with the gravity-driven transport of material from directly above. The Dinaledi Chamber skeletal material shows no evidence of high-energy fluvial transport, which would have been necessary to move such a quantity of bone any horizontal distance through the cave ([@bib34], [@bib33]). The same is true of the remains within the Lesedi Chamber ([@bib55]). In both deposits, there is evidence of postdepositional reworking of sediments, but in both deposits, some articulated remains have been recovered, and neither the skeletal element representation nor the physical condition of the remains are consistent with wholesale secondary redeposition of the hominin assemblages from any third location ([@bib33]; [@bib55]).

We consider it untenable to hypothesize that both the Dinaledi Chamber and the Lesedi Chamber were accidental death trap situations. We have previously written ([@bib34], [@bib33]) that the accidental death trap hypothesis was one that the physical evidence from the Dinaledi Chamber might not reject. Still, the evidence that hominin individuals of all ages were deposited in the chamber over some period of time, as well as the sediment composition within the chamber itself, led us to view that hypothesis as less likely. Other cave systems in the region have been hypothesized as death-trap situations, including Malapa ([@bib35]; [@bib76]; [@bib128]) and the Silberberg Grotto of Sterkfontein ([@bib101]). In these instances, a relatively direct vertical route existed either from the surface or from cave chambers above; furthermore, other non-cryptic macrofauna were present among the fossil remains, externally derived sediments were abundant, and (in the case of Malapa) plant remains were also present. No such evidence occurs in the Dinaledi Chamber. As we continue to study the geological history of the Rising Star system, it is possible that we will find that *H. naledi* or small carnivores accessed the Lesedi Chamber differently than excavators today, but we have found no evidence of a nearby vertical entry that would accommodate hominins. The presence of two such situations in the same cave system, with no remaining evidence of a death trap other than the hominin remains, would be unlikely.

The evidence in its entirety appears incompatible with the hypothesis of accumulation in both the DInaledi and Lesedi Chambers without some hominin agency. However, with a later Middle Pleistocene date for the Dinaledi Chamber material, we must also consider the suggestion that modern humans or their immediate predecessors were accumulating agents for the *H. naledi* skeletal material (e.g., C. Marean, quoted in [@bib46]. This hypothesis would require that the modern humans left no cutmarks or tooth marks on the *H. naledi* material, and that they treated *H. naledi* remains differently than those of any other species, including modern humans themselves. Also, although it is possible that *H. naledi* may have existed in contact with ancestors of modern humans, we have as yet no evidence of this. We will continue to explore the possible interactions of *H. naledi* and other hominin populations, but they do not appear to be a likely explanation for the deposition of skeletal remains in the Rising Star cave system.

We propose that funerary caching by *H. naledi* is a reasonable explanation for the presence of remains in the Dinaledi and Lesedi Chambers. Mortuary behaviours, while culturally diverse, are universal among modern human cultural groups ([@bib100]). Such behaviours are not seen in living non-human primates or in other social mammals, but many social mammals exhibit signs of grief, distress, or other emotional response when other individuals within their social group die ([@bib67]). We have no information about whether *H. naledi* was a symbolic species, although with the possibility that it manufactured MSA toolkits, we do not rule out such abilities. But symbolic cognition is not likely to have been necessary to sustain a repeated cultural practice in response to the physical and social effects of the deaths of group members ([@bib100]). Such behaviour may have many different motivations, from the removal of decaying bodies from habitation areas, to the prevention of scavenger activity, to social bonding, which are not mutually exclusive. We suggest only that such cultural behaviour may have been within the capabilities of a species that otherwise presents every appearance of technical and subsistence strategies that were common across the genus *Homo*.

Conclusions {#s1-8}
-----------

Fossil and genetic evidence shows that subequatorial Africa was home to diverse populations of hominins throughout the Pleistocene. The expansive savanna and open woodland habitats of this region have driven biodiversity in many mammals and birds that have similar habitat preferences to hominins (e.g. [@bib6]; [@bib68]; [@bib99]). We suggest that for hominin populations too, subequatorial Africa appears to have been a source of biological diversity and innovation. No paleoanthropologist anticipated that a species like *H. naledi* existed in this region during the late Middle Pleistocene. However, considering a broad array of biogeographic, phylogenetic, and genetic evidence from humans and other mammals, the discovery of more members of a diverse community of hominin populations in this vast region should no longer be a surprise.

This hypothesis should provoke greater examination of the paleoenvironments and regional paleoclimate across this region of Africa. Further, the presence of a diversity of hominin populations throughout most of the Pleistocene must lend caution to how we examine fragmentary specimens. Many of these populations and species are indistinguishable from each other in many parts of the skeleton, despite being very different in others. In particular, we must apply renewed caution to behavioural inferences. The transition to early MSA industries is likely to have involved a broad array of hominin populations and/or species that possibly interacted with each other.

Is *H. naledi* the direct ancestor of humans or of any other hominins? The later Middle Pleistocene age of the Dinaledi Chamber assemblage is substantially later than the date presently recognized for the first appearance of *H. erectus* some 1.8 million years ago. The Dinaledi occurrence of *H. naledi* is later in time than the hypothesised genetic divergence of Neanderthal and modern human populations more than 500,000 years ago ([@bib95]). But a paleontological view recognizes that any particular set of fossils does not represent the entire time depth of a species or its relationships, and phylogenetic analyses of *H. naledi* show that the species and its branch must have existed much earlier than the Dinaledi fossils ([@bib32]; [@bib54]; [@bib125]). One analysis of craniodental evidence places *H. naledi* amid the branches leading to *H. habilis*, *Au. sediba*, and *H. rudolfensis*, suggesting that its anatomical pattern may have been present from the earliest origin of *Homo*. Another analysis has placed *H. naledi* as a sister taxon to archaic species of *Homo* and modern humans, closer to living humans than *H. erectus* ([@bib32]). If this is true, an early *H. naledi* population may have been the ancestor of humans, placing *H. erectus* as a side branch.

*H. naledi* is clearly a primitive species within the genus *Homo*, despite sharing many derived features with archaic and modern humans. The fossil record for other species attributed to early *Homo* is presently too incomplete to ascertain whether these species also show such mosaicism, or whether they express different manifestations of primitive and derived morphological patterns. A species like *H. naledi* might well have given rise repeatedly to other branches of *Homo*, each derived in a somewhat different way. A fresh look at the hominin fossil record, setting aside a history of linear assumptions about the evolution of *H. erectus* and *H. sapiens*, may set a new context for further fossil discoveries. Better analytical techniques, and increased knowledge provided by aDNA, may shed further light on these questions.
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In the interests of transparency, eLife includes the editorial decision letter and accompanying author responses. A lightly edited version of the letter sent to the authors after peer review is shown, indicating the most substantive concerns; minor comments are not usually included.

Thank you for submitting your article \"*Homo naledi* and Pleistocene hominin evolution in subequatorial Africa\" for consideration by eLife. Your article has been reviewed by three peer reviewers, and the evaluation has been overseen by a Reviewing Editor and Ian Baldwin as the Senior Editor. One of the three reviewers, Chris Stringer, has agreed to share his name. The other reviewers remain anonymous.

The reviewers have discussed the reviews with one another and the Reviewing Editor has drafted this decision to help you prepare a revised submission.

This paper aims to summarize (and extend beyond) the current state of knowledge on *Homo naledi* based on the initial publications that described the initial material, the subsequent analyses of that material that have been published since, and now including the new discoveries and analyses presented in the manuscripts currently under consideration at *eLife*. The concept of the present, synthesis paper has a place as a part of the set of current articles, and could be developed into an excellent contribution that will be valuable to readers.

However, the reviewers expressed the consensus view (confirmed during the consultation process) that this paper should focus more heavily on summarizing the overall results and main messages of the research performed, and de-emphasize the presentation of scenarios that are not currently sufficiently supported by evidence. In particular, the reviewers pointed to the idea of *H. naledi* as a wide-ranging species, to that of the controlled use of fire by *H. naledi*, and to the deliberate disposal/burial scenario, as among those that cross this line. Details of these critiques, and other issues that need to be addressed before the manuscript can be considered further, are provided as part of the full reviews, below. Note that one reviewer also provided detailed comments in the attached document.

There is definitely room for some speculation following a thorough summary (especially in the context of the surprisingly recent dates), but this speculation should be explicitly marked, expressed with more caution and with an unbiased treatment of the evidence at hand, and perhaps more limited to a subset of the scenarios currently discussed.

We will likely ask reviewers to evaluate the revised manuscript before considering it for acceptance, and this process could be iterative given the dependency of the present manuscript on others.

*Reviewer \#1:*

This is the synthesis paper for the suite of *H. naledi* papers that suggests that *H. naledi* was not a limited, geographically restricted population, that it may have been at the base of the *Homo* lineage and led to *H. sapiens*, and that it practiced deliberate burial of its members. I think that perhaps the authors may have interpreted beyond the data available.

First, their claim that the anatomy of *H. naledi* suggests it was a wide-ranging species. They are correct that there is no evidence to refute it, but there is also no evidence to support it. The Rising Star cave system is the only place where specimens of *H. naledi* have been recovered. They certainly did not live in the cave and it would be reasonable to assume that they came from the area surrounding the cave system, but beyond that, we have no evidence that they were anywhere else.

Second, the authors suggest that based on the morphology of *H. naledi*, it is a primitive member of the *Homo* lineage with some derived features shared with \"archaic\" and modern humans. This is used to suggest that *H. naledi* led to modern humans without elaboration on the traits. For example, why are some traits weighed more than others? Which traits unite *H. naledi* with modern humans exclusively? Why are they not convergences, etc? The authors also suggest that the geological age of *H. naledi* does not matter in terms of interpreting its phylogenetic relationship. I think that many, if not most, paleontologists would disagree with that statement. Geological age does not need to be (nor should it be) a consideration when considering taxonomy, but it is crucial for interpreting the meaning of the morphology and certainly for reconstructing phylogenetic relationships, particularly when we are talking about the complex realities of Pleistocene hominin evolution.

Third, every paper in this suite of submission tries to advance the hypothesis of deliberate burial behavior in *H. naledi*. I actually do not have strong feelings regarding the existence of mortuary practices in *H. naledi*. However, I do not think that the authors have provided sufficient evidence to reach their conclusion. The papers read as a concerted effort to find data and interpretations of the data that fit the pre-existing hypothesis of deliberate burial rather than independently assessing the data to see if they support or reject the hypothesis.

*Reviewer \#2:*

This is a highly speculative paper (e.g., hybridization hypotheses), although quite entertaining. I suppose it functions well to introduce the rest of the new papers of Berger\'s team presenting new *H. naledi* fossils from the Rising Star cave system.

These are some of my minor comments to consider:

\- Please revise inconsistent use of capitalizations and commas along the text.

\- Lines 40, 182: The authors make the case that *Homo naledi* could be from early *Homo* stock in the Pliocene, based on the analyses by Dembo et al. *But* those analyses are heavily influenced by the small brain size of the original *naledi* finds. How do the authors expect this will change with the larger brain size estimates? What does this mean for the phylogenetic hypotheses they offer?

\- Starting in line 47: please provide references for each of these \'African Middle Pleistocene\' \'extreme sparse\' hominin materials. There is not a single reference in this paragraph.

\- Lines 63-64: Could the authors please provide some discussion about morphological similarities between the Florisbad molar (likely associated with the skull) and that of *Homo naledi*? Not just a size comparison. Is it possible these are same species, or is the morphology different?

\- Lines 139-140: \"We now include a small-brained species of hominin in this recognized diversity.\" Are we talking about *Homo floresiensis* or *naledi*? Why isn\'t *H. floresiensis* discussed here?

\- Starting in lines 164: I do not know any study inferring endemism/geographical range based on morphology. Please consider rewording this section.

\- Lines 184-187: \'An informal consideration of postcranial traits suggests that they might support scenario 2, as *H. naledi* shares many derived features of the hand, foot, and lower limb with *H. erectus* and *H. sapiens* that are absent from *H. habilis, H. floresiensis*, or *A. sediba*, yet lacks several derived traits of the shoulder, trunk, and hip shared by *H. erectus* and *H. sapiens*.\'

Please be fair to the current state of the knowledge: We don\'t really know what the hand, foot or lower limb of *H. habilis* looked like. Both the OH7 hand and the OH8 foot could belong to another taxon (e.g., Wood 1974 JHE, Wood and Constantino Yearbook Phys Anth, Moyà-Solà et al 2008 Folia Primatol).

And in terms of it lacking \"several derived traits of the shoulder, trunk, and hip shared by *H. erectus* and *H. sapiens*\", please be specific here.

*Reviewer \#3:*

In my view this paper should be suitable for publication after minor revisions.

The references for all four papers need work for consistency of formatting, journal abbreviations, accents etc.

\"An obvious question is how the *H. naledi* lineage fit into the hominin diversity of the Early and Middle Pleistocene\...\" If terms like early and middle are being used informally, they should not be capitalised?

\"This single tooth is assumed to be associated with the \[Florisbad\] fossil hominin cranium.\" Well this does seem a reasonable assumption?

\"Some workers have argued that the Kabwe skull may be 300 ka or earlier (Bräuer 2008).\" See Stringer AAPA abstract 2011 and Lone Survivors/The Origin of our Species for discussion of ongoing work on the dating of the cranium.

\"...both of Middle Pleistocene age\". How well-dated is Berg Aukas?

\"Today\'s populations are descendants of relatively large and stable human populations across most of the last 200,000 years\...\" In what sense stable?

\"The full geographic extent of *H. naledi* is unknown, but its anatomy shows it was unlikely to have been an endemic species limited to any small part of subequatorial Africa.\" I\'m not sure anatomical arguments are sufficient to make this point\...

\"The evidence of genetic mixture among more recent hominins makes this hypothesis seem reasonable but likewise untestable.\" In my commentary last year I argued that aDNA work on the Sima fossils held promise for the *naledi* material -- can the authors comment on any ongoing work?

\"A second study concluded the Dinaledi hominin sample \[*could be about*\] 930,000 years old\...\"

\"Its definition is based on the manufacture of blades, presence of the levallois flaking technique, hafted implements, use of pigments\...\" There are plenty of MSA sites that don\'t have evidence of pigments

\"Until now, archaeologists investigating the Middle Stone Age have largely assumed that all African fossil hominins from the period were part of a single variable species that was in a broad sense ancestral to modern humans.\" Also see my 2011 AAPA abstract: The chronological and evolutionary position of the Broken Hill cranium.

\"This situation is paralleled outside of Africa, where most of the manufacturing techniques of the MSA were also mastered by Neanderthals and Denisovans\'.\" Given the Neanderthal presence at the site as well, how can Denisovan archaeology be recognised?

\"Considering the context, it is \[*possible*\] that *H. naledi* sustained MSA traditions.\"

\"substantially later than the presently recognized first appearance date of H. erectus some 1.8 \[GIVEN DMANISI\] million years ago\"

\"(Dembo et al. 2016). If this is true, an early H. naledi population may have been the ancestor of \[*modern*\] humans\...\" Can\'t see the Dembo et al. refs\...and insert modern here.

*Reviewer \#3 Minor Comments:*

I have added suggested edits to a text version of the paper (attached).

\[Further changes were requested before acceptance.\]

Thank you for resubmitting your work entitled \"*Homo naledi* and Pleistocene hominin evolution in subequatorial Africa\" for further consideration at eLife. Your revised article has been evaluated a Reviewing Editor and three reviewers.

The manuscript has been improved but there are some remaining issues that need to be addressed before acceptance, as outlined below:

The major, outstanding consensus issue from the reviewers concerns discussion within the paper on the mortuary practices of *Homo naledi*. This comment is of course related to the decision letter on the linked article \"New fossil remains of *Homo naledi* from the Lesedi Chamber, South Africa\" and the limited confidence reflected therein in the evidence thought to support the deliberate burial conclusion.

From an editorial perspective, the format and synthesis nature of the present article does provide some leeway for discussing diverse hypotheses and areas of investigation and interest to the authors, including related to ongoing questions concerning the *H. naledi* deliberate burial scenario. That said, and taking into account the reviewer consensus on the evidence presented in the linked paper, the discussion of non-deliberate burial scenarios deserve more thorough treatment (e.g., beyond the unlikely prolonged mass casualty event) and weight than they are given at present. Ideally, non-deliberate burial would be treated as the null hypothesis, with careful consideration of whether that hypothesis could be rejected. Providing a clearly marked opinion that the authors favor the deliberate burial scenario is then fine. The editor and reviewers agree with the authors that it should not be presumed that only large-brained hominins have the capacity for deliberate burial; however, the consensus view is that this behavior has not yet been sufficiently demonstrated for *H. naledi*.

The reviewers also had some discussion with respect to the consideration of the evolutionary scenarios in the \"What explains the mosaic anatomy of *H. naledi*\" section. Absent in the present version of the manuscript is reference to and relevant discussion of a previous *H. naledi* paper by Laird et al. (2017 Journal of Human Evolution, on which authors from the present submission are co-authors) that examines evolutionary scenarios under various chronological frameworks and offers differing interpretations with respect to gene flow. This should be rectified and the scope of the discussion in this section expanded accordingly.

The reviewers also identified multiple more detailed issues with the present submission that need to be addressed. These are provided below. One reviewer provided additional comments (including notation of a subset of the citations that appear to be missing from the reference list) in a file that is attached to this decision letter.

Detailed Issues:

1\) \"Among the better preserved are three partial crania from Morocco, five from Ethiopia, one from Kenya, two from Tanzania, one from Zambia and possibly two from South Africa.\" I\'m not always sure which are being referred to, but there are at least 2 from Kenya?

2\) \"Genetic evidence shows that equally diverse populations of archaic humans once existed in subequatorial Africa (Hammer et al. 2011; Stringer, 2011; Lachance et al. 2012), and although no fossil evidence can yet be attributed to these groups, the Middle Pleistocene record of this region does speak to the presence of diversity.\" Only sparse evidence? You\'ve mentioned Broken Hill already and, for example, Eliye Springs looks very different to Omo 2.

3\) \"*H. naledi* existed contemporaneously with Middle Stone Age archaeological industries across subequatorial and north eastern Africa.\" True even if we took the highest age range figure i.e. 420 ka?

4\) \"Further discoveries of *H. naledi* may show it also survived into the periods of later MSA \[or even LSA\] traditions.\" I think the LSA bit is a speculation too far, at present!

5\) \"The later Middle Pleistocene age of the Dinaledi Chamber assemblage is substantially later than the presently recognized first appearance date of H. erectus some 1.75 million years ago.\" As I commented previously, doesn\'t Dmanisi age probably exceed this figure?

10.7554/eLife.24234.007

Author response

We found the reviews and comments helpful and constructive and have taken all of the reviewers and editorial concerns on board.

*Minor comments*

We have dealt with the minor issues of inconsistency in capitalization, commas, formatting, references etc. throughout the manuscript. We have corrected each minor point indicated by Reviewers \#2 and \#3 (Reviewer \#1's comments were more general and are dealt with below). We have included more detailed references to other hominin material discussed in the manuscript.

We have attempted to be more specific, through reference citation and comment throughout concerning the state of knowledge of the postcranial anatomy of other species of early *Homo* as well as where we reference primitive and derived traits.

We have altered sentence structure and wording as suggested by Referees \#2 and \#3 where possible, and have altered sentences for clarification where the meaning was unclear.

*Major comments*

"The reviewers expressed the consensus view (confirmed during the consultation process) that this paper should focus more heavily on summarizing the overall results and main messages of the research performed, and de-emphasize the presentation of scenarios that are not currently sufficiently supported by evidence. In particular, the reviewers pointed to the idea of *H. naledi* as a wide-ranging species, to that of the controlled use of fire by *H. naledi*, and to the deliberate disposal/burial scenario".

Reviewer \#2 also questions the morphological endemism/geographical range argument. We have attempted to concentrate on matters objectively established in the other two manuscripts (parts of the Elliott et al manuscript having now been combined with the Hawks et al manuscript). We have removed the speculation, based on lower limb anatomy, that *H. naledi* was a wide-ranging species. We have used caution in our wording concerning the potential for geographic distribution of the species. We have removed speculation about the use of fire.

We have used greater caution in our discussion of the evidence for mortuary behaviour by *H. naledi*. We have not deleted this discussion as a second chamber does in some ways add evidence to the presence of an unusual accumulating situation beyond that typical for other hominin sites (and we believe this to be of great interest to the readers), but we have taken special care to go no further than to express our opinion that "we feel it is unlikely to appear in multiple geologically independent occurrences." This, and other more cautious statements throughout the manuscript and in this section, should allow the reader to weigh the weight of evidence one way or the other on the matter as presented now in Hawks et al. and with minimal speculation on our part. Given that the Elliott manuscript is now withdrawn, we would hope that the suite of papers no longer reads like "as a concerted effort to find data and interpretations of the data that fit the pre-existing hypothesis of deliberate burial". That was not our intent.

Concerning the comments of Reviewer \#2 on the hybridization hypotheses as "speculative", we feel that given the strong genetic evidence from aDNA emerging that hybridization is not uncommon in the hominin record, and that indeed the Hawks et al paper supports further that *H. naledi* indeed shows a mosaic (surprisingly so) suite of primitive and (very) derived characters, this discussion is valuable to the reader. We have though attempted to soften the speculative nature of our discussion, while keeping this section in the manuscript.

We have attempted to reduce all other use of speculative terminology throughout the manuscript. We have also (as suggested by Reviewer \#1) more thoroughly referenced the presence of primitive and derived characters in the skeleton of *H. naledi*. We have also elaborated on these traits both in this manuscript and the Hawks et al manuscript through specific mention and through citation. We have also dealt more thoroughly (and cautiously) with the origins of the mosaic anatomy of *H. naledi* throughout the discussion, elaborating on what we know, and what we simply do not know, especially with regard to the potential for convergences, homoplasy's etc.

Concerning Reviewer \#1's comment *"The authors also suggest that the geological age of H. naledi does not matter in terms of interpreting its phylogenetic relationship. I think that many, if not most, paleontologists would disagree with that statement. Geological age does not need to be (nor should it be) a consideration when considering taxonomy, but it is crucial for interpreting the meaning of the morphology and certainly for reconstructing phylogenetic relationships, particularly when we are talking about the complex realities of Pleistocene hominin evolution."* While we recognize that this may indeed be a commonly held opinion in our field, it is not a correct one. Nevertheless, we have gone to great pains to explain this position more thoroughly throughout the manuscript. We hope this (and other explanatory additions throughout) serves to clarify this matter with regard to what we *do* know about the phylogenetic position of *H. naledi* and what we do not, being fair to the poor nature of the rest of the comparative hominin record, and that this satisfies these reviewers' concerns for this popularly held belief.

Concerning Reviewer \#2's comment, *"The authors make the case that* Homo naledi *could be from early* Homo *stock in the Pliocene, based on the analyses by Dembo et al.* But *those analyses are heavily influenced by the small brain size of the original naledi finds. How do the authors expect this will change with the larger brain size estimates? What does this mean for the phylogenetic hypotheses they offer?"* In fact these (and other) studies were not heavily influenced by brain size estimates. Nevertheless, we have included (as discussed above) a more detailed explanation of our interpretations of the phylogenetic origins of *H. naledi* and hopes this clarifies this matter.

Concerning Reviewer \#2's comment *"Could the authors please provide some discussion about morphological similarities between the Florisbad molar (likely associated with the skull) and that of Homo naledi? Not just a size comparison. Is it possible these are same species, or is the morphology different?"* We have not conducted this study, as much of the specimen was destroyed during ESR dating and additionally, as Reviewer \#3 points out, this is likely associated with a hominin cranium of very different morphology to *H. naledi* (a comparison we did conduct in Berger et al. 2015). We also feel such specialized anatomical studies are perhaps better suited to more detailed upcoming studies on the dentition of *H. naledi* rather than in these papers.

\[Further changes were requested before acceptance.\]

Deposition: We have considered very carefully the reviewer and editorial comments concerning mortuary behavior by *H. naledi*. We have adopted precisely the form suggested by the editors and reviewers: The manuscript now presents non-hominin agency as a null hypothesis, and discusses the evidence from both chambers as it relates to that hypothesis. We have added clear examples of non-hominin depositional processes and the evidence for them in other complex cave situations with multiple deposits of hominin fossil material. This discussion now ends with a brief statement that the hypothesis of mortuary behavior is not equivalent to symbolic behavior, and that in our assessment it was likely within the capabilities of other species of *Homo*.

This treatment of the issue has increased the length of this section of the paper, which the editorial and reviewer comments also suggested, but which we had hesitated to do in earlier versions of the manuscript. But we think that it is much clearer now how the new information from the Lesedi Chamber affects the interpretation, and we are also explicit about the ways that the new findings do not affect the interpretation.

To be clear, we do not intend for this synthesis of many aspects of the *H. naledi* record to present new evidence concerning the deposition of the fossil remains. We can see that for the editors and reviewers this has been a major topic of discussion. If the revisions are still not suitable, we would be willing to remove the section and continue forward without it though we feel the submission would be the poorer without it.

Gene flow: We have added a paragraph to the section on mosaic anatomy as suggested, which provides further discussion of the anatomy of *H. naledi* in light of adaptive and non-adaptive evolutionary processes, following on the conclusions of Laird et al. (2017).

Implications section: We have addressed each of the detailed comments listed and have created a table ([Table 1](#tbl1){ref-type="table"}) and a Figure ([Figure 1](#fig1){ref-type="fig"}) that lists fossils discussed and their dates as well as the location of relevant sites as it seems that reviewers were having difficulty in a simple written summary of the fossils and their dates. We hope these improve the readability of the manuscript.

We have added missing references and corrected the other minor editorial suggestions as listed.

[^1]: \*Many authors have studied the stratigraphy of Olduvai Gorge and nearby sites, resulting in varied dates being reported for these fossils. We report here the widest range as reviewed by [@bib88], based on the paleomagnetic sequence.
